The main challenge of the post-genomic era is to functionally characterize genes identified by the genome sequencing projects. Model organisms, including zebrafish, are 
INTRODUCTION
Since the human genome project was completed several years ago, the next daunting task ahead will be the annotation of genes about whose function scientists may have little knowledge. This task could be accomplished efficiently by using model animals and large-scale approaches. However, not all animal models are suitable for large-scale functional characterization. For example, identifying large numbers of mutations in mice is hampered by inherent limitations of this model system such as a small litter size, intrauterine development, and the relatively expensive supporting laboratory facilities. In contrast, zebrafish has been successfully incorporated into large-scale forward genetic screens in which mutants with phenotypic defects are identified before the identity of the gene is known (1) . The attractiveness of zebrafish as a model organism can be attributed to its relatively small genome size, short generation time, external development, and optical clarity of the embryos. In particular, the latter two features allow for direct monitoring of developmental processes and their manipulation using chemical, genetic, and mechanical approaches. The ease of such manipulations when coupled to the continuously improving genomic tools developed with the support of the National Institutes of Health (NIH; Bethesda, MD, USA) funding (2) facilitates the process of gene annotation and accelerates mutant identification.
The more we learn about the zebrafish, the more we admire this tiny vertebrate. It was recently discovered that the zebrafish genome contains more genes than the human one due to an additional round of genome duplication (3, 4) . The analysis of zebrafish mutants affecting some of the duplicated genes led us to appreciate the resulting functional dissection of genes because each of these duplicated genes perform only a subset of functions when compared to their single mammalian homologs (5, 6) . As a result, zebrafish mutations affecting either of the two homologous genes usually give rise to milder phenotypes. Furthermore, even lethal mutants survive longer; for instance, zebrafish embryos resort to passive gaseous exchange to survive a mutation-induced blood circulation defect (7) . A combination of these factors favors a comparatively longer period of development of zebrafish mutants. During this extended period, some developmental genes could be reused over and over again, which presents the possibility of studying much later gene function than in other vertebrate models. All this contributes to the fact that currently zebrafish is a well-established model system to study human diseases and heredity (7) (8) (9) .
Importantly, zebrafish stands out as a model animal because it represents the teleost, a class of bony fishes that encompasses half of all vertebrate species on the planet. Thus, zebrafish is probably a good representative of vertebrates, and it is easy to envision that methodological advances in zebrafish biology may help to establish experimental approaches that could be applied to studies in other teleost species. A good example is the largescale mutant screen repeated on another fish model, medaka (10) .
This review will highlight current techniques used in the field of zebrafish biology, with the focus on transgenesis. Given that interest in zebrafish as a vertebrate model originates from its successful incorporation in largescale genetic screens (11, 12) , we will briefly discuss various approaches used toward mutagenesis and then move on to current knockdown methodologies REVIEW used in zebrafish research. The article will then focus on recent advances made in the field of both stable and transient transgenesis and conclude with a brief discussion on transient misexpression of secreted proteins and small molecules via implantation of carrier beads.
MUTAGENESIS SCREENS

Traditional Approaches Toward Cloning a Mutated Gene
Large-scale mutagenesis screens in zebrafish generated mutant phenotypes that result from random point mutations induced by ethylnitrosourea (ENU)-mediated chemical mutagenesis (11, 12) . This led to the identification of over 2000 developmentally important loci (13) . Only a small fraction of the discovered mutants have been molecularly characterized, as cloning of the ENU-mutated gene remains a laborious task. Nevertheless, this process continues to accelerate with the refinement of genetic and physical maps of the zebrafish genome (www. ncbi.nlm.nih.gov/genome/guide/ zebrafish/index.html). Currently, chemically mutated genes are cloned either by the candidate gene approach or via positional cloning (14) . The majority of genes cloned from chemical mutagenesis screens have been identified by the candidate gene approach (1) . However, this approach is limited to those genes previously shown to act in the process of interest (1) . Positional cloning is still required to identify novel mutated genes. It involves high-resolution genetic mapping of the mutation, assembly of a set of contiguous genomic clones spanning the region of the mutated gene, cataloging the genes in the region, and narrowing down the list of genes until the mutated gene is identified. Positional cloning of ENU-mutated genes is a laborious process. Efforts made to facilitate rapid mapping of new zebrafish mutations generated through mutagenesis screens include the development of highly polymorphic inbred lines and the derivation of such polymorphisms into reliable markers that can be used in bulk segregant analysis to rapidly identify map positions of new mutations (15) . In practice, however, there is a growing demand for mutations in a selected gene of interest. Current progress made in sequencing genomes will help to set the stage for reverse genetics.
Target-Selected Mutagenesis
A reverse genetic methodology has been developed to identify more mutated genes. During the process of target-selected mutagenesis (16, 17) , carriers of mutations in genes of interest were identified before their mutant phenotype. In this method, also known as targeting induced local lesions in genome (TILLING), male zebrafish are mutagenized with ENU and used to generate F 1 progeny with multiple random heterozygous mutations in their genomes. DNA from fin clips undergoes PCR amplification with target gene-specific primers followed by CEL-I-mediated heteroduplex cleavage to detect mutations in target genes of interest. Potential mutations in genes of interest are reconfirmed by sequencing. Alternatively, direct sequence analysis can be carried out on mutagenized DNA with target gene-specific primers. Identified carriers can then be used in large-scale outcrosses to generate the F 2 generation, and homozygous F 3 mutants can be identified by incrossing sexually mature F 2 zebrafish.
Insertional Mutagenesis
To accelerate the cloning process while retaining the unbiased approach toward identification of the target gene, an insertional mutagenesis screen using a genetically modified retrovirus that could infect zebrafish cells was performed (18, 19) . Identification of the mutated gene is greatly simplified by the presence of the exogenous molecular tag within the gene it mutates. This improvement comes at a price because the efficiency of mutagenesis is 7-to 8-fold lower than that from the ENU screen (20) . Nevertheless, the ease of cloning the mutated gene makes this method attractive enough to be performed on a large scale. Besides, it complements the approach undertaken via chemical mutagenesis (21) . The insertional mutagenesis screen resulted in the isolation of 525 insertional mutants and the identification of 315 genes essential for early zebrafish development (22) . Although the transgenic efficiency of retroviruses is acceptable for largescale insertional mutagenesis, its usage as a routine approach for transgenesis is limited by the requirement to produce retroviruses of high titer (20) .
This problem, together with safety concerns associated with the use of retrovirus in insertional mutagenesis screens, can be circumvented by applications based on transposon-mediated systems (23, 24) . Transposons have been used as tools for insertional mutagenesis and germline transgenesis in various model organisms (25, 26) . Initial reports describing the use of transposons for insertional mutagenesis in vertebrates indicated its low efficiency (27, 28) . However, some improvements are being made to increase the efficiency. For example, the Sleeping Beauty (SB) transposon system had its transposition efficiency increased with the use of improved SB transposon vectors (29, 30) , and transposition using these vectors was successfully demonstrated in zebrafish (31) . Furthermore, preliminary results with the Tol2 transposon suggest that the transposition rate should be high enough to make the large-scale mutagenesis screen a reality (32, 33) . The increased rate of transposition will promote the use of transposons in future insertional mutagenesis screens. In particular, transposons can be used as "launching pads" for local saturating mutagenesis in the genomic regions surrounding the donor sites (34) .
GENE KNOCKDOWN METHODOLOGIES
Classical methods of inactivating the gene function using antisense and dominant negative RNA microinjection are now complemented by newer techniques. Currently, the most widely used reverse genetics method in zebrafish is undoubtedly the use of morpholino phosphorodiamidate oligonucleotides (morpholinos) to effectively knockdown a specific gene function in zebrafish (35) . Translationblocking morpholinos (MOs) are designed to target the 5′-untranslated region (UTR) of messenger RNA (mRNA) or the first 20-25 nucleotides of the open reading frame (ORF) of the mRNA of interest (36) . MOs can also be designed against splice acceptor or splice donor sites of pre-mRNA (37) . The splice-blocking MOs interfere with the function of the spliceosome, leading to exon skipping or usage of cryptic splice sites that result in aberrantly spliced mRNA. Currently, delivery of the antisense oligonucleotide involves microinjection into embryos. Although popular, this knockdown approach may produce several nonspecific defects if high doses of MOs are employed. Proper specificity controls are therefore essential for the fruitful interpretation of the results (36) .
Another approach to inhibit protein translation uses the negatively charged homo-oligomers of alternating trans-4-hydroxy-L-proline/phosphonate polyamides with DNA bases (HypNApPNA). This type of homo-oligomer also displays excellent hybridization properties toward DNA and RNA, while preserving the mismatch discrimination, nuclease resistance, and protease resistance of peptide nucleic acids (PNAs; References 38 and 39). A different approach toward gene silencing involves the use of short interfering RNA (siRNA). While it seems that this technique may not be applicable to the analysis of all genes (40) , perhaps it could be used selectively (41) (42) (43) . Moreover, siRNA technology allows for the possibility of controlled interference of the target gene by expressing short double-stranded RNA under various tissue-or stage-specific promoters (43) . The availability of three different approaches for transient interference with gene expression makes it easier to choose the correct method and/or to design proper controls to validate experimental results. In particular, techniques that interfere with gene expression provide a useful means of verifying the identity of the target genes isolated in the mutagenesis screens.
TRANSGENESIS
Transgenesis is another approach used to decipher the complex mechanisms that transform a unicellular zygote into a functional multicellular organism. The combination of rapidly dividing embryos and fluorescent reporter technology (44) allows for changes in gene expression and detailed morphogenetic movement to be visualized in the developing embryo. Thus, the living color transgenic zebrafish system has been widely used in the studies of tissue-specific gene regulation, cell migration, and targeted misexpression (45, 46) . With the help of stable transgenic lines expressing fluorescent reporter genes in a tissuerestricted manner, mutagenesis screens performed on a transgenic background will probably unveil mutants in previously uncharacterized genes (13) .
Approaches Toward Transgenesis
Many laboratories generate transgenic lines by direct transgenesis, whereby DNA is microinjected into the cell of 1-4 cell stage embryos. The injected construct usually contains a tissue-specific promoter that drives the expression of a reporter gene. This method, although simple, gives low frequency of germline transgenic founders, and the integration event usually results from the insertion of concatemers of the transgene. Such complex integration events may result in intrachromosomal recombination that changes the gene expression profile (46) . Alternative methods with improved germline transgenesis characterized by a single integration event have been explored. These include the use of pseudotyped retroviruses (20) or transposons (28, 31) . Both methods molecularly tag the integration loci, which facilitates subsequent genomic analysis. Retroviral-mediated transgenesis, although efficient with an average of 25 independently segregating single copy insertions per transgenic founder (20) , requires the construction, packaging, titering, and injection of virus into the 512-2000 cell stage embryos (19) and is thus less practical for the routine generation of transgenic zebrafish compared to DNA microinjection. Transposon-mediated transgenesis requires the same preparation time as the regular DNA microinjection technique, and transposons can accommodate large transgene constructs. In addition, the titer of the construct could be selected in such a way that most carriers will have just a few insertions, making a generation of single insertion lines an easier task.
Transposon-Mediated Transgenesis
Transposons are DNA sequences that can move from one locus in the genome to another. They can produce heritable mutations by inserting into genes and interrupting their regulatory and coding sequences, resulting in abnormal mRNA splicing or expression (47) . The sequence of the surrounding region can easily be isolated and the affected gene identified. Transposable elements can carry reporter genes and can be engineered into enhancer and gene traps (32, 33, 48, 49) . They can also be used as vectors for high-efficiency transgenesis. Transposons are thus powerful tools for reverse genetics. All transposable elements can be divided into two classes: autonomous and nonautonomous (28) . The former encodes transposase enzyme, which is required for transposition, while the latter lacks the transposase gene and can only be mobilized in the presence of autonomous transposons because transposase acts in trans. Therefore, to mobilize a nonautonomous element, the transposase gene can be located on the same DNA molecule as the transposon, supplied on another DNA molecule, or applied as either mRNA or protein.
It has been demonstrated that several heterologous elements are capable of transposition in zebrafish (27, 28, (31) (32) (33) (50) (51) (52) . However, to date, only Tol2 (28, 32, 33) and SB (31, 48) were successfully used to generate stable transgenic zebrafish lines producing reliable transgene expression.
SB belongs to a superfamily of Tcl/mariner transposable elements. Its transposase was reconstructed from consensus sequence derived from nonautonomous salmonoid Tc1-like elements (53) . The SB transposon contains two terminal inverted repeat/ direct repeat sequences that are required for transposition. SB transposition occurs by a cut-and-paste mechanism where the transposase binds to the inverted repeat sequence, excises the element from the donor molecule, and integrates it into new site(s) containing TA dinucleotide, carrying the sequence flanked by inverted repeats. Thus, the synthetic SB transposon system consists of two elements: the transposase and a transposon vector containing the inverted repeat/direct repeat sequences. Transposon-mediated transgenesis is performed by co-injecting transposase mRNA and the transposon DNA into 1-2 cell stage zebrafish embryos. A 6-fold increase in transgenesis was observed when compared to the standard plasmid injection-based approach (31) . Enhancer trapping using the SB transposon system has also been demonstrated in zebrafish (54) .
The Tol2 element was isolated from the medaka fish, Oryzias latipes. It belongs to the hAT family of transposons (hobo/Ac/Tam3). Modified nonautonomous Tol2 element can transpose in the genome of zebrafish germ cell lineage when co-injected with Tol2 transposase (28) . This methodology has been developed further for enhancer (32) and gene trap (33) such that the insertion reveals the expression of the trapped gene. In our laboratory, we used Tol2 transposon for a pilot transgenic enhancer trap screen. We observed a transgenic efficiency of 16%, which resulted in the identification of more than 30 transgenic lines. The enhancer trap construct used in our study carried the enhanced green fluorescent protein (EGFP) gene controlled by a partial promoter from the keratin 8 gene expressed in epithelium. This construct was very effective in detecting enhancer elements in the genome of transgenic zebrafish. In fact, characteristic tissuespecific expression of the reporter gene was found among 75% of the founders. Although enhancer trap lines often reflect only a subset of gene-specific expression, they produce an endless variety of tissue-and cell-specific expression patterns (Figure 1 ). In addition, cytoplasmic distribution of GFP allows detailed analysis of cellular architecture, including fine processes and neurites. Thus, enhancer trap lines are great tools for detailed anatomical studies and have been used to identify anatomical structures previously unknown in zebrafish, such as the corpuscles of Stannius, which act as a parathyroid gland (32) . The identification of insertion site is also relatively straightforward because thermal asymmetric interlaced PCR (TAIL-PCR) was efficiently used to identify DNA sequences that flank the site of transposon insertion.
The number of enhancer trap lines is continuously increasing because these lines are being used as "launching pads" to initiate transposon jumps into new sites by injecting transposase mRNA (32) . This proves to be a novel and efficient approach for the generation of additional transgenic lines. Given the ease of identifying the insertion sites, we can now map the regulatory elements in the genome. Thus, this approach expands our knowledge about the noncoding genome, which, until recently, has been characterized as "junk DNA."
The gene trap element usually carries a promoterless reporter gene with splice acceptor sequences in front of the coding region to allow for fusion with the tagged gene (33) . The expression of the tagged gene is detected when it is inserted inside genes in the correct orientation. The trapping efficiency of the gene trap approach is lower than that of an enhancer trap; however, it is expected that it should better reflect the expression patterns of the tagged genes and be more mutagenic because it can affect the tagged gene by splicing its RNA with a reporter one (55) . To date, a mediumscale screen using this approach has not illustrated its mutagenicity (33) . Nevertheless, given the fact that this approach is very new and its potential will be further explored and developed, it would be premature to rule out its usefulness for mutagenesis.
Sperm Nuclear Transplantation
A common characteristic among plasmid DNA injection, transposon, and retroviral-mediated gene transfer is that DNA integration occurs after several rounds of cell division. This results in a mosaic expression of the gene in the F 0 population. Sperm-mediated gene transfer was carried out in zebrafish to resolve the issue of mosaic gene expression (56) . The technique was first used in Dictyostelium and had been successfully adopted in the generation of nonmosaic transgenic frogs. In this method, transgenes are integrated into sperm nuclei before they are injected into nonfertilized eggs. To show that the transgene introduced by spermmediated gene transfer can be transmitted to the germline and expressed in a cell type-specific manner, a plasmid containing EGFP fused to a 3.2-kb HuC promoter was used. Zebrafish generated by this method expressed EGFP in a pattern similar to HuC mRNA in the F 0 generation. Progeny of the embryos that were grown to adulthood express EGFP in a similar manner, which demonstrates that the technique can be used to generate transgenic lines (56) . 
Transgenesis-Mediated by I-SceI Meganuclease
Another approach that promotes a higher germline transmission rate is I-SceI meganuclease-mediated transgenesis. I-SceI is an intron-encoded homing endonuclease with an 18-bp recognition site that is expected to be found only once in 7 × 10 10 bp of random DNA sequence. Consequently, co-injection of plasmids bearing meganuclease recognition sites with the meganuclease will only digest the injected DNA and not run the risk of fractionating the genome. This methodology of generating transgenic fish was applied to medaka with 30.5% efficiency (57) . More impressively, the germline transmission rate reached an optimum of 50% in most lines generated by meganuclease coinjection. This suggests that a single integration event at the one cell stage occurred in a nonmosaic heterozygous fish that transmits the transgene to 50% of its offspring. The co-injected meganuclease likely counteracts the endogenous ligase activity, preventing the generation of long concatemers found upon injection of circular or linear DNA. This results in the availability of more recombination ends, which facilitates integration into the genome. The consequence is an increase in transgenic founders identified at the F 0 generation with a high germline transmission rate. A similar approach has been applied to zebrafish, and an average transgenic frequency of 30% was observed (J. Shin, H.-C. Park, and B. Appel, personal communication).
TRANSIENT TRANSGENESIS
Transient assays remain a complementary approach to generating stable transgenic lines (46, 58) . The effect of a gene on development can be studied by targeted misexpression. This can be achieved through the use of tissueor stage-specific promoters (46) . If misexpression of the gene results in abnormalities that affect reproduction or embryo viability, a stable misexpressing line cannot be generated. The alternative is transient misexpression of the gene. Tissue-specific ectopic expression of a gene can be achieved by microinjecting plasmids containing tissue-specific regulatory elements into a single blastomere of zebrafish embryos at later stages (16-128 cells) . As the injected plasmid gets distributed in a mosaic manner to descendants of the injected cell, only a limited number of cells will eventually express the transgene (46) . Alternative methods have been devised to transiently increase the level of transgene expression and are mentioned below.
Gal4-VP16-Mediated Misexpression
The Gal4-VP16 activator/effector system was used to amplify transgene expression in zebrafish embryos. When compared to promoter-driven misexpression in conventional expression vectors, a significantly higher number of cells that express a transgene at detectable levels were observed (59) . For the system to function, a combination of the activator and effector components is required. The Gal4-VP16 transcriptional activator is a fusion of the Gal4-DNA binding domain with the herpes simplex virus transcriptional activation domain VP16. Either tissue-or stage-specific promoters can regulate the expression of the activator while the effector expresses the gene of interest under the control of an upstream activating sequence (UAS). Less mosaic expression can be obtained if the activator and effector units are placed in a single injection construct. Furthermore, Gal4-VP16 can drive the expression of two effector cassettes efficiently from the same construct, resulting in simultaneous coexpression of both genes (59) . Therefore, EGFP coexpressed with any transgene of interest can act as a reporter for transgene-expressing cells. This allows for the in vivo imaging of the behavior of transgene-expressing cells in real time. The system, although attractive, requires empirical optimization of the concentration of Gal4-VP16 activator constructs. Overt misexpression of the activator could result in developmentally retarded and malformed embryos. This is due to a phenomenon called squelching as the Gal4-VP16 activator can bind to and titrate out other transcription factors, thereby down-regulating the general transcription machinery. Thus, a balance between maximal activation and minimal squelching must be found (59) .
HSP70-Mediated Transgenesis
Tissue-specific regulation of ectopic transgene expression or its dominant negative forms allows the possibility of directly addressing a gene function during any time point in any tissue of interest provided that promoters for each pattern of interest are cloned. In the absence of such regulatory elements, one can regulate misexpression by expressing genes under the control of the heat shock promoter hsp70. Inducibility is desirable for transgenic systems because the level of the transgenic product could be affected at will. For instance, transgenes with adverse effects could be turned on and off and, in this way, used to study gene activity during the later stages of development. Currently hsp70 promoters from mouse, Xenopus, tilapia, and zebrafish (60-62) have been cloned and shown to mediate heat shock-induced expression of a reporter gene in zebrafish embryos. The hsp70 constructs allow for temporal control over gene expression because the promoter can be activated at any time by increasing the temperature. Control of both spatial and temporal expression was demonstrated by focusing a sublethal laser microbeam onto specific cells in hsp70 zebrafish transgenic lines (62) . The laser beam was focused through a ×50 objective; the cells were visualized under differential interference contrast (DIC) optics and heat shocked with a 2-min burst of 4-ns laser pulses, delivered at a frequency of 3-4 Hz. After the laser heat shock, embryos recover for 4-24 h at 28.5°C. By taking advantage of the accessibility and optical clarity of zebrafish embryos, targeted cells expressing laser-induced GFP appear to develop normally. The usefulness of laser-targeted expression was further demonstrated in a transgenic line where the hsp70 promoter regulates the expression of sema3A1. In the transient misexpression study, early motor axons were retarded by laser-induced Sema3A1 in muscle cells upon which they normally extend (62) .
Despite the attractiveness of the system, the zebrafish hsp70 promoter is REVIEW slightly leaky. This method of induction was improved on when novel artificial synthetic heat-inducible promoter consisting of multimerized heat shock elements (HSEs) used in medaka fish demonstrated a high signal-to-noise ratio (63) .
In Vivo Electroporation
Another transient transgenesis approach that targets gene delivery into a specific tissue at any time point of interest is electroporation. The attractiveness of this technique lies in the ability to have spatial and temporal control over gene expression and gives a quick readout of the effects caused by gene misexpression. In vivo electroporation involves the injection of plasmid DNA into the target tissue, followed by the administration of an electric field. Application of the electric pulse temporarily disrupts membrane stability, creating pores or holes in the plasma membrane through which DNA is driven as a result of its negative charge. The difficulty in applying this approach to living organisms had been that the electric pulses often damaged cells and resulted in substantial cell death. Optimization of conditions for electroporation is required before successful DNA delivery that results in ectopic gene expression in the living embryo can occur. A compromise must be struck between efficient DNA delivery and toxicity that results from the application of the electric field. Permeabilization is the main cause of toxicity as the cytoplasmic composition is modified by the diffusion of the external media. Other toxicity effects include the induction of free radicals, inflammation, and vascular defects (64) .
The whole embryo electroporation approach was first introduced to the field of zebrafish research as a means of gene delivery to generate transgenic fish (65) . However, this method was essentially abandoned due to the high lethality rate. Later, its modification for sperm-mediated DNA transfer was reported (66). This was followed by a more recent report on the electroporation of DNA into the fin of adult zebrafish (67) . But DNA delivery into internal organs of embryonic zebrafish remained impossible until recently, when in vivo electroporation was adapted in our laboratory to the study of neural development in zebrafish (68) . The neural tube is particularly easy to target because the gene expression vector can be introduced into its lumen, which permits the directed transfer of DNA to tissue on the side of the positive electrode.
Effective in vivo electroporation into the neural tube is an established technique in chick, mouse, and Xenopus (69) (70) (71) (72) . The challenge of performing electroporation on zebrafish embryos is to ensure successful DNA delivery without damaging the yolk cell. We circumvented the limitation by positioning the injected embryo in an electroporation chamber containing an agarose well (Figure 2A ; Reference 68) such that only the injected region of the neural tube is exposed to the full strength of the electric field. To minimize embryo toxicity that results from microinjection, DNA was microinjected through the floor of the neural tube. Because the yolk cell is adjacent to the site of injection, this minimized diffusion of external media through the puncture site. Leakage of injected DNA from the neural tube can be minimized when electroporation is carried out immediately after microinjection. The uniform electric field is conducted through the plates of a shortened 4-mm wide electroporation chamber, which houses the embryo in an agarose well surrounded by Hank's buffer. Using this method, DNA can be delivered and expressed in cells of the anterior neural tube of 24-48 hours post-fertilization (hpf) zebrafish. By changing embryo position with respect to the electrodes in the electroporation chamber, various regions of the anterior neural tube can be targeted (Figure 2, C-F) .
A further refinement of the electroporation approach arises from variation in types of electrodes used. The shape of electrode could vary from a fine point to a long wire or even a plate. Large electrodes (e.g., plate electrodes) pass more electric current and generate electric field of higher intensity compared to fine electrodes. This results in massive transgene expression. The electric field becomes nonuniform when electrodes of dissimilar size are used ( Figure 2B ). For example, we generated a converging electric field that concentrated the current flow to the neural tube by using a plate electrode for the cathode and a 1-mm rod electrode for the anode. This resulted in substantial enhancement of transgene expression ( Figure 2, G and H) . In theory, using this method, DNA can be delivered into any hollow organ of the embryonic zebrafish. In practice, it remains to be seen how successful this technique would be in targeting DNA into more ventral organs located closer to the yolk cell, such as the intestine.
At the other extreme, localized electroporation with very fine electrodes to target specific groups of cells has been performed in both Xenopus tadpoles and chick embryos (71, 73) . It is achieved by restricting both the DNA and the electric field to the tip of a glass micropipet. Using this modification of microionophoresis previously used to trace the movement of individual zebrafish cells during early development (74) , both dyes and mRNA have been successfully delivered into a few cells of the neural tube of the zebrafish embryo (75, 76) .
Implantation of Carrier Beads
Bead implantation into zebrafish embryos is another transient "misexpression" approach used for the targeted delivery of proteins, which was initially established in other model animals and recently applied to zebrafish (77, 78) . In our laboratory, Lam et al. (79) showed that beads coated with fibroblast growth factor 8 (FGF8) or bone morphogenetic protein 4 (BMP4) can be loaded into beveled capillaries and implanted using an aspirator tube assembly into the midbrain, hindbrain, or the endoderm at 20 hpf without affecting embryo viability. Using this method, the formation of noradrenergic neurons in the acerebellar (ace) mutant was rescued by providing exogenous FGF8 with the implanted bead. For now, this method is limited to the study of secreted proteins and small molecules. However, given the importance of these molecules in development, this method represents a powerful technique to modulate activity of signaling pathways in vivo and provides a valuable tool to the rapidly expanding field of chemical genetics.
CONCLUSION
In recent years, zebrafish has been transformed from an unremarkable ornamental fish into an indispensable model of developmental biology whose studies attract increasing numbers of multimillion dollar research grants (80) . Its popularity as a vertebrate model for functional genomics also can be attributed to the methodological tools recently developed for mutagenesis, reverse genetics, transgenesis, and micromanipulations. These technical advantages coupled with its small size, short generation time, external development, and optical clarity make the zebrafish an increasingly popular model to study human diseases and drug development. These tools can be almost instantaneously used to study many other teleosts and expand our knowledge in molecular evolutionary biology, physiology, and neurobiology, where fish other than zebrafish are widely used for research. Further development of these tools will provide us with new means to admire zebrafish. 
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